We investigate the effects of S&P's sovereign re-ratings on the higher moments of equity market returns over recent financial crises. Using a set of intraday stock market index prices and sovereign credit ratings for a sample of 36 countries which experienced sovereign rating changes over the period from 1996 -2013, we find that the higher moments of stock market returns are significantly more responsive to sovereign re-ratings during financial crises but the effects on stock markets are not the same across different financial crises. The effects during crises are however magnified for large downgrades and those that are associated with a loss of investment grade status. We find that there are asymmetric effects during financial crises in that downgrades are consistently more significant than upgrades in increasing realized volatility and realized kurtosis. Both upgrades and downgrades affect realized skewness in times of crises in the expected direction.
Introduction
Credit rating agencies are known as specialist financial information intermediaries and serve to facilitate the efficient operation of financial markets. Yet, the informational value of credit ratings and the impact of rating agencies in the international financial system continues to be widely debated, particularly their procyclical role in amplifying financial crises (see, for example, Kaminsky and Schmukler (1999) , Michaelides et al. (2014) and Reisen and von Maltzan (1999) ).
The recent spate of downgrades given by credit rating agencies over the period from 2011-2013 to advanced countries like the UK, France, Spain and Italy alongside the troubled sovereigns like Greece, Portugal and Cyprus during the European Sovereign Debt Crisis motivates a need to address whether rating agencies' actions in times of financial crises are potentially destabilizing for financial market activity. The International Monetary Fund (2010) has stressed that sovereign credit risk is one of the main current threats to global economic stability.
It has been documented in the recent literature that there are significant effects on firm performance within a country when the country's sovereign credit ratings have been revised. For instance, Cumming, Hou and Wu (2014) show that sovereign governance (as proxied by sovereign credit ratings) is an important determinant of firm value and affects firm performance distinctly over and above the more traditional aspects of firm-level corporate governance. More recently, Hill, BissoondoyalBheenick and Faff (2014) and Bedendo and Colla (2013) have shown that there is a strong dependence between sovereign and firm credit risk within a country. As such, it is important to understand how changes in sovereign governance captured by sovereign credit rating revisions can affect all firms' stock performance in aggregate within a country. However, our work deviates from prior studies that have focused exclusively on assessing the market impact of sovereign credit ratings on stock returns and volatility by focusing on the effects of rating activity on the higher moments of stock returns over different types of financial crises.
There is an extensive literature linking the information content of sovereign credit ratings and stock market activity (see Brooks et al., 2004 , Ferreira and Gama, 2007 . There are two potential channels through which sovereign credit ratings would affect the stock market. First, sovereign credit ratings reflect the perceived future macroeconomic strength and fiscal soundness of a country. Hence, as these credit assessments deteriorate it is more likely that national governments will look to increase corporate taxes levied on firms in that country and this should be reflected in aggregate stock market performance. Second, sovereign credit ratings are understood to provide a 'debt ceiling' for all corporate debt issued from a given country suggesting that as sovereign credit ratings are revised then the cost of and even the access to debt for firms is also affected and this should also be reflected in firms' stock prices. Consistent with this view, Almeida et al. (2014) show that due to the sovereign ceiling effect, firms with credit ratings on parity or above their country's sovereign credit ratings are affected to a greater extent by sovereign rating downgrades. When the sovereign gets downgraded, these firms are forced to cut back on corporate investments as their borrowing costs increase from rating agencies' flow-on adjustments to their corporate credit ratings.
The main objective of our paper is to investigate the market impact of sovereign rating changes over several recent major episodes of financial crises for a global sample of countries. We employ a matched panel data method to fully capture a country's own rating impacts and we use intraday stock market data within a trading week to compute the second, third and fourth realized moment of stock market returns. We ask four related questions: 1) Do sovereign re-ratings have a greater impact on higher moments during times of financial crises? 2) Are there asymmetric impacts on higher moments with downgrades being more significant than upgrades?
3) Does the nature of the re-rating matter in terms of size and investment grade status? 4) Are sovereign re-ratings more significant in debt crises?
Focusing on the higher moments of realized return distributions is critical to fully understanding the potentially destabilizing effects of sovereign credit assessments within equity markets, especially during times of financial turmoil when the fat-tailed nature of stock returns become more prominent. Yet, there has been little attention placed on the impact of credit ratings on the higher moments of asset return distributions. The transmission of information contained in sovereign ratings can conceivably extend to affect the dynamics of higher moments such as variance, skewness and kurtosis. The shape of return distributions dictated by their higher moments are known to influence financial decision making and studies like Hong and Stein (2003) show, for example, that skewness is related to information dispersion within financial markets. Other studies such as Harvey and Siddique (2000) , Brunnermeier and Pedersen (2009) and Albuquerque (2012) document the importance of the third and fourth moments of equity returns and their predictability for stock returns. Brunnermeier and Pedersen (2009) also highlighted that funding constraints can lead to high volatility and kurtosis as well as negatively skewed returns in equity markets. When sovereign credit ratings are downgraded, the cost of financing for firms increase via the sovereign ceiling mechanism and this is likely to affect the higher moments of stock returns.
We find evidence that rating events become more significant in affecting the higher moments of returns during financial crises suggesting that rating agency decisions do contribute to greater financial market instability in times of crises. We find there are also asymmetric impacts of sovereign re-ratings on higher moments and that large multi-notch downgrades and those resulting in loss of a country's investment grade status are particularly destabilizing for equity markets. We also find evidence to indicate that equity markets are more sensitive to sovereign re-ratings during debt-related crises.
Our findings have real implications for financial market participants. A clearer understanding of sovereign rating impacts during financial crises is important for users of credit ratings like equity analysts, financial risk managers and policy makers in dealing with recurring financial crises and financial market instability.
The organization of this paper is as follows. In Section 2, we provide a description of data and sampling, followed by empirical modelling in Section 3. In Section 4 we discuss our findings before concluding in Section 5.
Literature Review
There is an extensive literature documenting the stock market impacts of sovereign credit ratings and its spillover effects internationally. Whilst the impacts on other financial markets have also been studied, we focus only on reviewing the stock market impact literature as our study is the most closely aligned with this body of work. Kaminsky and Schmukler (1999) document that during the 1997-98 Asian Financial Crisis daily stock price movements were heavily influenced by credit rating agencies' news on countries within the region and that stock market participants overreacted to such news. and show that rating downgrades in particular have negative impacts on domestic stock market returns. Taking an event study approach, they find 1-day abnormal returns of -197 basis points in reaction to a one-notch drop in the country's own sovereign credit ratings. Of the major rating agencies examined, they reveal that Standard and Poor's exerts the greatest stock market impact. Kaminsky and Schmukler (2002) also examine the impact of sovereign credit ratings activity across various financial crises during the second half of the 1990s.
However, they do not differentiate between the size of sovereign credit re-ratings as they only test the significance of indicator variables that take on non-zero values for any change in sovereign credit ratings or outlooks. They find that stock markets are affected more by sovereign rating activity during financial crises and that crosscountry spillover effects are only significant during crisis periods consistent with the development of financial contagion. contribute further evidence on sovereign credit rating actions during financial crises. They extend upon the initial work of Kaminsky and Schmukler (2002) and examine a larger number of financial crises up to the early 2000s. They also find that the information content of sovereign credit ratings activity is stronger during financial crises relative to non-crisis periods. However, they only assess the market impact of sovereign credit ratings based on cumulative stock market returns. In a related vein, Fei, Fuertes and Kalotychou (2012) examine credit rating migration over the business cycle and show that rating downgrades are concentrated in periods of economic contractions. Overall, these studies suggest that rating activity may potentially destabilize financial markets and exacerbate financial crises.
Instead of focusing on own-country rating impacts, Ferreira and Gama (2007) also investigate the spillover effects of sovereign credit ratings into international stock markets. Similar to Kaminsky and Schmukler (2007) , they also document that rating spillovers were more significant in international equity markets during earlier international financial crises in the 1990s and early 2000s. They use an event study approach and document the cumulative effects on stock market return spreads (return differential vis-à-vis the US) from changes in sovereign credit assessments (rating events) over two-day windows. They find a negative reaction of 51 basis points in non-event countries in response to sovereign credit rating downgrades. Upgrades, however, have no significant impact on return spreads of non-event countries.
Furthermore, they show that closeness (e.g., geographic proximity, trade linkages) and emerging market status amplify the effect of a rating spillover.
While the heightened information value of sovereign credit assessments for stock market returns during financial crises is established in the current literature, there has been much less attention placed on the impacts on the higher moments of stock market returns in times of crises. 1 We aim to fill this void in the literature. To our best knowledge, we are the first to provide comprehensive empirical evidence on the nature of sovereign credit re-ratings and their effects on higher return moments across a complete history of past as well as more recent financial crises. We argue that not all financial crises are the same in terms of causes and effects and a reliable assessment of sovereign re-rating effects requires a broad experiment across several types of financial crises.
Data description
Our dataset consists of the intraday price levels for representative stock market indices from a sample of 36 countries. The countries in our sample all experienced sovereign credit rating changes over the period from 2 January 1996 to 13 November Michaelides et al. (2014) that there are cumulative effects on stock market returns over the few days around a sovereign rating change. 4 Following the approach of Gande and Parsley (2005) and Ferreira and Gama (2007) (among others), we first transform actual ratings given by S&P into linear scores and we analyse the influence 2 Previous studies reveal that S&P rating changes exert the greatest impact on stock market returns and are less anticipated (see, e.g., Reisen and von Maltzan (1999) , Brooks et al. (2004) and ). Furthermore, Alsakka and ap Gwilym (2010) show that Standard and Poors' sovereign credit ratings are the least dependent on other rating agencies actions and Alsakka and ap Gwilym (2012b) reveal that S&P credit assessments are more accurate. In unreported results, we also find that ratings on local currency denominated debt have much weaker effects on higher moments. These results are available upon request. 3 While S&P ratings announcements are generally made a.m. local time, the exact timing varies. Michaelides et al. (2014) also highlight that there exists a period of a few days during which rating agencies consult with the rated entity after the rating decision has been approved but before the public announcement. 4 Unlike prior studies, we do not directly test the effects of sovereign outlooks and watches provided by rating agencies as these are temporary assessments that are usually changed again or lead to permanent rating changes within a few days and are thus, less meaningful at the weekly frequency. Hence, our results serve to provide a lower bound on the stock market impact of sovereign ratings activity during financial crises.
of rating revisions. We define an actual 'rating event' as a non-zero change in the linearised rating scores. We examine a total of 222 sovereign rating events in our overall sample (comprising 106 upgrades and 116 downgrades). These are summarised in Table 1 and the distribution of sovereign rating revisions by country is summarised in Table 2 . In Table 1 , both Panels A and B show that 91 per cent of all upgrades and 72% of all downgrades are adjustments of a single notch. They also report that there are more multi-notch downgrades (28%) than upgrades (9%). Table 2 shows that Indonesia is the most actively re-rated country in our sample, having experienced a total of 19 events, closely followed by Argentina and Greece with 16 rating revisions each. Greece however, has experienced the highest incidence of multi-notch re-ratings (3 upgrades, 6 downgrades) followed by Indonesia (3 upgrades, 4 downgrades). These countries have been at the heart of major financial crises in Asian, Latin America and Europe throughout our sample period. Panel D of Table 1 shows that sovereign re-ratings occur primarily for emerging markets (81% of upgrades and 63% of downgrades) consistent with Ferreira and Gama's (2007) earlier finding on more significant rating spillovers to emerging markets.
<Insert Tables 1 & 2> As depicted in Figure 1 , credit rating agencies are generally more active in re-rating countries around periods of international financial crises than in non-crisis periods. Table 1 Panel C also shows that 87% of downgrades and 64% of upgrades occur during financial crises.
<Insert Figure 1> Based on the work of Andersen and Bollerslev (1998), Barndorff-Nielsen and Shephard (2001) and Andersen et al. (2003) , we argue that realized measures calculated based on intraday returns provides more consistent and efficient measures than their counterparts computed from close to close prices. We consider the first four moments of realized returns.
We define weekly realized returns as:
( 1) and the weekly realized volatility as: The weekly realized skewness for any given week t is calculated as:
and we compute weekly realized kurtosis as:
where , d t r denotes a dth 5-minute return 7 during all trading days in week t and D denotes the total number of 5-minute return intervals over the week in which a rerating takes place. 5 The intraday return is calculated as the log difference of the stock market index level at the end and beginning of the dth interval. 6 Based on volatility signature plots (available upon request), we use the daily realized measures computed from 5 minute intervals for our empirical estimations as they are most stable for this sampling interval. As a robustness check, we also use measures based on alternative lower frequency sampling intervals (10, 15, and 30 minutes). Our regression results remain qualitatively unchanged. <Insert Table 3> 4.
Empirical modeling
We examine changes in sovereign credit ratings assigned by S&P to a sample country's foreign currency denominated sovereign debt. Following the approach of Gande and Parsley (2005) and Ferreira and Gama (2007) (among others), we transform actual ratings into linear scores. We analyse the influence of re-ratings to 7 The intraday return is calculated as the log difference of the stock market index level at the end and beginning of the dth interval.
understand the effects of rating agencies' decisions on the higher moments of stock market returns.
In the spirit of Ferreira and Gama (2007), we construct two balanced panel datasets comprising weekly observations for rating event countries matched with randomly selected non-rating event countries (within our sample of 36 countries) in order to run separate regressions for sovereign rating upgrades and downgrades relative to a benchmark of randomly selected non-event country-weeks. However, unlike Ferreira and Gama (2007) we assess realized moments in the week in which the re-rating occurred rather than in 2 day post-event windows as firstly, this accounts for the information leakage problem recently documented by Michaelides et al. (2014) in the pre-announcement consultation phase for the rated sovereign. Second, we use a cumulative measure of rating changes within a week denoted as notch_w, to control for the intensity and magnitude of re-rating activity in the actual week in which a rating event occurs. Third, the weekly frequency is better suited to accommodating macroeconomic control variables that are based on data available at lower frequencies. Hence, we estimate the following base-line panel regression specification with country fixed effects and clustered standard errors to account for time-invariant omitted variables:
where RMi,t is the realized moment (volatility (RV), skewness (RS), kurtosis (RK)) for country i in week t; RMi,t-1 is the realized moment in the past week; RATING is the average level of country i's linearized sovereign credit rating score during week t; notch_w are the cumulative weekly rating changes and Crisis is an indicator variable denoting the periods of financial crises (Asian financial crisis -AFC, Russian debt crisis -RDC, Technology bust -TECH, the global financial crisis -GFC, European debt crisis -EDC, and ALL aggregates all the individual major and minor financial crises occurring during our sample period). 8 X is a matrix of macroeconomic controls which may affect stock market performance. The main variables of interest in our baseline model are notch_w and its interactions with the crisis indicator. The ratings variable (in levels) controls for the relative position of each country on the rating scale i.e. their creditworthiness. It has been highlighted by Ferreira and Gama (2007) that the impact of sovereign credit information is not the same in countries of differing credit quality.
We investigate whether sovereign re-ratings are significant in financial crises even after controlling for some economic determinants that are known to often serve as inputs into agencies' credit rating models (Hill, Brooks and Faff (2010) ). We incorporate into the X matrix log GDP (in millions) to proxy the size and performance of a country's economy (Log_GDP); the volatility of the local exchange rate against the US dollar measured as rolling weekly standard deviations of the local currency's returns (FX_vol). Monetary policy is a tight monetary policy regime indicator (Mon_policy) taking a value of 1 from the week when short term interest rates increased until the next interest rate cut at which time it reverts to a value of 0 until the next interest rate hike.
Since there is an extensive list of potential determinants for stock market returns-based measures, we utilise a 'general to specific' model selection approach.
For brevity, we only report estimation results for the most parsimonious model with 3 key macroeconomic control variables to avoid over-identification in our estimations.
We report the model specification which provides the best fit for all realized higher moments assessed across the equity markets studied.
To investigate whether the size of re-ratings matters for the impact of reratings during financial crises we run the model shown in Eq. (6):
where the dependent variables represented by RMi,t and the independent variables
Ratingi,t and Crisist are as defined previously and single_notch_wi,t and multi_notch_wi,t are the sum of all sovereign rating changes of a single notch and of multiple notches, respectively over the trading week in which a rating event occurs.
Next, as many institutional investors are restricted from investing in noninvestment grade assets we also examine the critical re-ratings across the investment grade threshold using Eq. (7). Rigobon (2002) highlighted that after Mexico's upgrade to investment grade in 2000, foreign investors piled into investing in Mexican assets. It is likely that the foreign investment channel will magnify the effects of sovereign rating events on stock market stability. 
where the dependent variables represented by RMi,t and the independent variables Ratingi,t, notch_wi,t and Crisist are as defined previously and IG_chgi,t is an indicator variable that takes a value of 1 when there has been a rating change associated with a change in investment grade status and 0 otherwise.
Lastly, we re-estimate Eq. (5) with individual crises to compare the impact of different episodes of financial crises on the higher moments of stock return distributions. We expect that debt-related crises will be more responsive to sovereign re-ratings than other types of financial crises and hence the impacts on higher moments should be greater.
Results

Rating impact on realized higher moments of stock returns during crises
Our primary concern with regard to our baseline empirical test rests with the outcome for the weekly intensity of re-rating variable (notch_w), especially during periods of financial crises (hence, the interaction term with Crisis). Notch_w is the weekly cumulative change in rating scores. It is advantageous over event indicator variables used to assess market reaction in prior research (see, for example, Ferreira and Gama (2007) and Gande and Parsley (2005) ) as it is a continuous variable that can capture the intensity of rating activity within the week of a rating event.
<Insert Table 4>   Table 4 reports the impact of notch_w on local stock market realized volatility, skewness and kurtosis. In normal times, notch_w is only significant in affecting RV upon a downgrade. The economic impact is not strong with a one-notch downgrade increasing RV by 4 basis points. A possible explanation is that during normal times the adjustment to ratings information in equity markets is instantaneous so our weekly measures are not significantly affected due to price reversals.
However, financial crises appear to prolong and heighten the sensitivity of realized moments to sovereign re-ratings information. When all crises are considered together, the estimated coefficients on crisis*notch_w are positive and significant indicating that financial crises strengthens the impact of both upgrades and downgrades but affect different higher moments. Across ALL crises, a one-notch upgrade during a crisis is associated with a significant increase in the right-skew by 1.39 percent. A downgrade has a statistically and economically more significant effect on the second and fourth realized moment. A one-notch downgrade during a financial crisis can increase RV by an additional 8 basis points (total impact from a one-notch downgrade on RV during a financial crisis is thus 12 basis points) and increase RK by 7.25%. Taken together, there is evidence to indicate that sovereign re-ratings do have asymmetric impacts on higher moment stock market returns with the downgrades having a stronger effect than upgrades. We also find that sovereign credit re-ratings during times of financial crises do present destabilizing effects on stock markets by increasing the realized volatility, skewness and kurtosis in market returns. This is consistent with the effects of funding constraints theorized by Brunnermeier and Pedersen (2009) to have implications for higher moments of returns. The evidence indicates that deteriorating sovereign governance results in sovereign rating downgrades that work to increase the cost of capital for firms within that country thereby increasing variability of stock price movements and ultimately, financial instability.
In terms of the control variables, a few brief observations can be made. There is significant positive serial correlation in RV and RK indicating that it is necessary to account for this behavior in higher moments. As expected, there is a positive relationship between a country's economic performance proxied by Log_GDP and the degree of positive skewness in equity market returns. Currency volatility is also significant in the manner expected as an increase in FX volatility (FX_vol) is associated with an increase in realized volatility and left-skew in equity returns. A tight (loose) monetary policy stance works to reduce (increase) the realized volatility in equity market returns but the economic impact is minimal. There is no significant relationship between the underlying rating level of a country and the realized higher moments and this is likely due to the degree of sovereign creditworthiness being already captured by the set of macroeconomic control variables that are known to determine sovereign credit ratings . Table 5 reports the effects of small (one-notch) and large (multi-notch)
Rating impact from single vs. multi-notch rating changes
sovereign credit re-ratings on higher return moments across all past financial crises.
The results are striking as there is a clear asymmetry in the effect of rating downgrades over upgrades. Single-notch upgrades significantly increase RS during normal times but large multi-notch upgrades exert an even stronger economic impact and equity returns become more right skewed in response to multi-notch upgrades during financial crises. On the other hand, both small and large downgrades have a very significant effect on RV and the impact of all downgrades is heightened during financial crises. This implies that procyclical rating revisions by credit rating agencies do exert destabilizing effects on stock markets during financial crises as downgrades given in times of financial distress and economic downturn will increase RV and disrupt equity markets. This finding corroborates Fei, Fuertes and Kalotychou's (2012) related finding on the need to account for differences in credit rating migration over the business cycle for capital management purposes. Lastly, we find that while large downgrades affect RK during normal times, the effects are not amplified during crises.
<Insert Table 5> 5.3 Rating impact from the investment grade threshold Taken together the evidence indicates that downgrades resulting in a loss of investment grade status is destabilizing for equity markets and increases the left-skew of equity market returns. This is consistent with crises being times of confusion and contagion and the dispersion of negative news like a loss of investment grade status for a country works to increase investor heterogeneity in equity markets as reflected in greater negative skewness. This result corroborates with Hong and Stein's (2003) theory concerning information dispersion within financial markets.
<Insert Table 6> 
Rating impact across different types of financial crises
Tables 7 to 9 report the effects of sovereign credit re-ratings information on realized volatility, skewness and kurtosis respectively during the various major financial crises occurring over our sample period (Asian, Russian, Tech, European and Global financial crises). It is apparent from the results reported in Table 7 , that RV is the most sensitive to sovereign rating changes during debt-related crises.
During the two main debt crises (European and Russian Debt Crises), realized equity market volatility was extra sensitive to both sovereign rating upgrades and downgrades but the effect of downgrades was both statistically and economically stronger. A one-notch downgrade during the RDC increased RV by 0.0044 per cent compared with an increase of only 0.0005 per cent for a one notch upgrade during the EDC.
<Insert Table 7> In Table 8 <Insert Table 8> In Table 9 , it is shown that realized kurtosis (RK) is only affected by sovereign rating downgrades. Again this confirms the strong asymmetric effect of sovereign re-ratings on higher moments of equity market returns. During all financial crises and the 2001-2002 Tech bust realized kurtosis was significantly heightened by sovereign downgrades and the economic impacts were significant. A one-notch downgrade during the tech bust increased realized kurtosis by 24 percent and across ALL crises the effect was a milder 7.25 percent increase.
<Insert Table 9> Consistent with our conjecture, we do find evidence that indicates on balance that sovereign re-ratings are particularly destabilizing during debt crises and credit fuelled crises like the tech boom-bust which saw much debt raising to fund investments in the Information Technology sector prior to 2001. This corroborates Brunnermeier and Pedersen's (2009) view on funding constraints within financial markets and how it can ultimately lead to greater volatility, excess kurtosis and negative skewness. The sensitivity of equity markets to debt crises is not surprising as assessments on sovereign creditworthiness are crucial when there is an underlying fiscal debt problem in the economy. There are significant long-term economic and reputational consequences for a sovereign obligor and companies within a country to default on their debts. Thus, sovereign re-ratings in times of crises and confusion also affect aggregate stock market return distributions and this finding has important implications for risk managers and policy makers.
Conclusions
In this paper we examine the effects of sovereign re-ratings on the second, third and fourth realized sample moments of national stock markets returns during all major financial crises in recent history. We address four related questions: 1) Do sovereign re-ratings have a greater impact on higher moments during times of financial crises? 2) Are there asymmetric impacts on higher moments with downgrades being more significant than upgrades? 3) Does the nature of the re-rating matter in terms of size and investment grade status? 4) Are sovereign re-ratings more impactful in debt crises?
First, we find that stock markets react significantly to ratings announcements during financial crises. In times of crises, sovereign re-ratings provide more incremental information for higher stock return moments than country-specific macroeconomic determinants. Second, we find that there are asymmetric effects during financial crises in that downgrades are consistently more significant than upgrades in increasing realized volatility and kurtosis. Both upgrades and downgrades affect skewness in times of crises in the expected direction. Third, during crises only multi-notch upgrades significantly increase RV. The loss of investment grade status significantly increases the left-skew of equity market returns during financial crises but the upgrade to investment grade is less important. Lastly, the impact of re-ratings is generally stronger in debt-related crises.
Taken together our evidence shows that financial crises do indeed increase the awareness of stock market participants to sovereign re-ratings and this works to heighten financial market instability captured in the dynamics of higher moments during times of financial crises. Corroborating Cumming, Hou and Wu (2014), we also find that sovereign governance as captured by sovereign credit ratings is important for firm valuations, especially during financial crises. This suggests that rating agencies' procyclical rating methods presents a source of uncertainty during periods of financial crises and clear communication regarding revisions is critical during financial crises.
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